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SECTION 1

INTRODUCTION

This report presents several independently developed and tested algo-

rithms implemented in Pascal and FORTRAN 77 for determining if a point

falls within a specified quadrilateral Area of Interest (AOI). These algo-

rithms represent several ways of mathematically solving the AOI point

inclusion problem, and provide a set of unclassified benchmarks against

which existing system algorithms can be evaluated. These algorithm analyses

and evaluations are being conducted for the Combat Developers Support

Facility (CDSF) at the United States Army Intelligence Center and School

E (USAICS) by the Algorithm Analysis Subgroup of the USAICS Software Analysis

. and Management Systems (USAMS) Development Task. It is the ninth in a

series of reports examining algorithms used in Intelligence and Electronic

Warfare (IIEW) systems. Each of the other reports, listed in Appendix A,

analyzes algorithms from several existing-1/-EW systems that perform a

single function and examine their underlying mathematics. The main func-

tional areas studied have been correlation, geographic transformations, and

direction finding and location (fix) estimation.

11M In this introductory section, the basic mathematical and geometric

considerations on which the AOI algorithms presented later are based will

be introduced, and the potential order dependence inherent in defining a

polygon by the location of its vertices discussed. The second section

presents the algorithms, and the third section, an overview of testing

- results and algorithm evaluations.
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Detailed test procedures and results are given in Appendix C. The algo-

rithmas presented here were developed by several different individuals. The

subsection describing each algorithm is authored vy the principal developer

of that algorithm, with acknowledgments to associates as appropriate.

1.1 UNDERLYING MATHEMATICAL CONCEPTS

There are two basic mathematical approaches to determining if a point

is included within the area bounded by a closed polygon. The topological

approach relies on some notions of connectedness and the Wandering Cow

* Theorem. The analytic approach uses the concept of winding number and is

based on Cauchy's Theorem. These approaches will be discussed in this

section, and algorithms presented in Section 2 based on both methods.

Consider the polygon P formed by "connecting the dots" in Figure

1-1(a) in the order specified, giving Figure 1-1(b). P is a closed curve

(since the last and first points are the same) and the region R it end. ts

is convex, that is, any two points (e.g. points a and b) within it can be

joined by a straight line which also lies within the curve. Also, the line

connecting any point inside the closed curve P with a point outside it

* (e.g. points a and c) must cross P exactly once. This is the basic idea

behind the topological approach to determining if a point lies inside or

outside the closed polygon.j

There are formally two ways of viewing this intuitive result. The

polygon P is the boundary of the region R, and the set P+R is closed ("+"

1-2
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being used to represent the union operator). Then any connected set (i.e.

any line segment is a connected set) that does not cross the boundary P of

R lies either in R or outside P+R (Moore, Theorem 33). Or, viewed another

way, given the point a in R and c outside P..R, then P cuts between a and c

(Hocking and Young, Theorem 3-6). This means P intersects every path

(actually, every closed, connected subset) containing both a and c. Thus

the cow can not wander from the pasture onto the road without crossing the

fence.

Neither theorem cited above requires R to be convex. These theorems

do place restrictions on the topological space containing P and R, but in

this case P and R are so embedded in the Euclidean plane that the restric-

tions are easily satisfied. Thus, at first glance, these results would

seem to apply to any polygon. However, there is a vacuous case, the

straight line (Figure 1-1(c)) where they do not help, because R is empty so

contains no point a and certainly can not contain a connected set. But in

all other cases the theorems apply, although for polygons such as that

iliustrated in Figure 1-1(d), implementing this approach becomes tedious

and tricky.

The analytic approach is based on Cauchy's Theorem which says that the

value of the integral of an analytic function f(z) (that is, a

differentiable complex function) around a regular closed curve is zero.

There are some restrictions on the polygon P hidden in the adjectives

"analytic" and "regular." Certainly it is closed by definition, since the

last point is connected back to the first point. The other conditions are

1-3
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certainly satisfied by any convex polygon with three or more vertices, such

as that developed in Figure 1-1(a and b). They are also satisfied if the

polygon is merely star-like (Figure 1-2). In fact, any finite number of

smooth curves joined at their endpoints and enclosing an open region will

work (Figure 1-3). However, polygons such as those illustrated in Figure

1-4 may cause trouble due to segments which enclose no area. Carefully

handled, (a) can be viewed as two disjoint closed curves, for which the

theorem holds, but (b) can not.

Now using Cauchy's Theorem it can be shown that, for a point a not on '

the closed curve P, the value of the integral around P of dz/(z-a) is a

multiple of (360 0 )i. This can be seen (but not proved) by observing that 2
dz/(z-a) : d log(z-a)

d logiz-al + i[d arg(z-a)];

the integral around a closed curve of the first term is zero and arg(z-a)

increases or decreases by a multiple of 3600.

Define the winding number n(a,P) as this integral divided by (360 0)i. Then

n is positive if P is traversed counterclockwise, and

n(a,-P) =-n(a,P).

Since R+P is a bounded, connected, closed set,

n(a,P) = 0

for all a not in R+P. Furthermore,

- n(a,P) n(b,P)

JJ
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for all a and b in R. The only place the winding number is not defined is

on P itself. This once again excludes Figures 1-1(c) and 1-4~(b) from

consideration. However, it also means an algorithm based on this principle

must check if the point lies on P for an polygon.

One final result is useful when designing AOI point inclusion algo-

rithms. It pertains to cases where n =1.

Let a and b be two points on the polygon, and let Pab be the arc from

a to b, Pba the arc from b to a (Figure 1-5). Suppose that a lies in

the lower half plane and b in the upper half plane. If Pab does not

meet the negative real axis, and Pba does not meet the positive real

axis, then n(O,P) = 1.

Since the winding number is translation and rotation invariant, the condi-

tions on a and b are satisfied without loss of generality. This gives a

simple criteria which covers the n equals 0 and 1 cases.

1.2 ORDER DEPENDENCE IN SPECIFYING VERTICES

Throughout the above, the vertices were assumed specified in the order

in which they were to be connected. Can this restriction be relaxed?

Unfortunately not.

Given four points in the plane, if one of them is in the interior of

the convex hull of (that is, the smallest convex set containing the other

1-5,
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three (Figure 1-6 (a)), the four points do not define a unique quadri-

lateral. In general, they will define three different ones (Figure 1-6(b),

(a), and Wd) having only the line segments AD, ED, and CD common to all

three. Thus any point in the convex hull that does not fall on one of t

these three line segments (the shaded area in 1-6(e)) is or is not in "the"

quadrilateral depending on which quadrilateral is chosen.

Therefore, to be able to determine if a fifth point falls within a

quadrilateral defined by four given corner points, either the order (clock-

wise or counterclockwise) of the points must be specified, or the resulting

quadrilateral must be convex and the boundary of the convex hull taken to

be the quadrilateral. Any polygon with four or more vertices can be made

concave by reordering the defining points (see Figure 1-6(f)); remember

that these self -intersecting polygons are mathematically the hardest to

deal with. To avoid constraining the problem by considering only convex

quadrilaterals, and it is not always obvious that a figure is not convex,

nor that easy to check for convexity, the order of the vertices must be -.

* specified.

N-1
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Figure 1-I. Specifying a Polygonal AOI
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*(a) Star-Like with (b) Not Star-Like

Star Center C

Figure 1-2. Star-like Polygons

Figure 1-3. A General Non-degenerate Closed Curve
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Figure 1I-. Degenerate Quadrilaterals
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.'* Figure 1-5. An n(O,P) 1 Example
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Figure 1-6. Vertex Ordering Examples
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fill SECTION 2
ALGORITHMS

Before presenting the algorithms themselves, a formal statement of the

problem is needed.

Statement of Problem:

Given an ordered set of n points Pl(X 1 ,yl), P2 (x2 ,Y2 ),...,

b Pn(Xn,Yn) where n may be any finite positive integer, determine if a

specified point P(x,y) is enclosed by the polygon formed by connecting

the points in the given order by straight line segments.

This polygon may be concave or convex and may loop in any fashion.

SThe point P may be multiply enclosed by the polygon, in which case some of

the algorithms will determine the number of enclosures.

2-1
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2.1 A CONVEXITY ALGORITHM (QUADTEST)

Author: E. DrellJ

Acknowledgments: R. Henderson, CSUN

E. Schmidt, JPL

Principle of the Algorithm:

This algorithm was designed specifically for quadrilaterals. It is

based on three observations.

(1) Any path connecting a point inside and a point outside a closed

curve intersects the curve (the Wandering Cow Theorem discussed

above).

(2) Any quadrilateral has at most one point of concavity.

(3) Any quadrilateral (Figure 2-1(a)) can be divided into two trian-

gles (Figure 2-1(b)).

The last point allows the first to be applied. Although in general it

would be hard to establish that any path did or did not cross the boundary,

in the case of a triangle this reduces to showing that the lines passing

through AP, BP, and CP intersect BC, CA, and AB, respectively (see proof in

Note: This algorithm produces valid results for test cases C-2, C-5, and

C-7, and is not applicable to the other test cases.

2-2
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Appendix D). Thus the following algorithm will divide the quadrilateral

into two triangles, then use this test to determine if the point lies

within either triangle.

The Algorithm: (implemented in QUADTEST in Appendix C)

1. Test for vertices and output message and stop if point is on a

vertex.

~ -. 2. If not, determine the concavity of the figure.

To do this determine if either the second or forth

~i. points of the figure lie within the triangle defined by the other 3

points. Recall this can only happen for one point. If this condition

is true, then assign the second vertex as the point of inflection or

concavity. If the condition is false then assign the first vertex as

the point of inflection. The concavity only determines the way the

quadrilateral is divided.

'3. Break the quadrilateral into two triangles based on the inflec-

tion point (Figure 2-1 (b)).

The default is taking the first and third vertices

as the center line. If so indicated by the inflection

Point, the second and fourth are used instead.

2-3



1* Test the two triangles to see if the point is interior to either.

A. For each side construct a line from the vertex opposite the

side to the point in question.

*B. If this line intersects the triangle side within the bounds

of the two endpoints of the side, then the test is successful.

For any point to be interior to the triangle, each vertex/point

line must intersect its respective edge. If less than three

intersections are determined then the point is outside the trian-

gl e. To test if a vertex/point line and triangle side intersect,

subtract the equation of the line defining the triangle side from

*the equation of the line constructed in (A). Evaluate the re-

sulting equation at the two endpoints of the side yielding two

values. For a solution equal to zero to exist within the inter-

val between the two points, the value on one side of the interval

~4*p must be greater than zero while on the other side less than zero

(by the Intermediate Value Theorem). Thus by multiplyin& tiA-' tuzo

values together, if a number greater than zero results, the

solution does not fall within the interval forcing a failure of

the triangle test.
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2.2 AN ANGLE-SUMMING ALGORITHM (R_JG)

Author: R.J. Gardner

Acknowledgment: F. Lesh

Principle of the Algorithm

Use the point in question, P(x,y), as the vertex of all angles. Cal-

culate the angles P . and where P= Pl.

Call these angles Ai where i=1,2,3...n (i.e., Al is P1 PP 2 ). The order

and sign of the angles must be carefully preserved, and the value of

each angle must be properly determined in the interval -180o< Ai<1800 .

If the algebraic sum of these n angles (the winding number) is zero,

the point in question is not enclosed by this polygon as defined by

the ordering of the points. If the absolute value of this sum is

360 0 n, then the point has been enclosed n times by the polygon.

I
The Algorithm: (implemented in R_J_G in Appendix C)

Step 1. Read in the polygon points P 1 (xl,yl), P 2 (x 2 ,y 2 ),...,

* Pn(xn,Yn), n and R (the resolution to consider two points coincident).

Step 2. Read in the test point.

se

Step 3. Initialize sum S to zero.

S 0

2-5
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Step 4. For i equals 1 through n do the following; Translate the

origin of the coordinates to the test point, P(x,y).

l Xi j xi -x,

Yi = Yi -Y" ''

NOTE: P(X,Y) = (0,0).

Calculate;

Mi = sqrt(X7 Y-).

If M i j R output message "Point of interest is on the vertex."

Go to Step 8. This branch is used to prevent division overflow.

R was chosen as 0.0001 for the purpose of this test (1 km in

10,000 km).

Step 5. Do this step for each of the i equal to 1 through n with

n+1 =I.

Ai ( sign(XiYi+ 1-Xi+iYi)]arccos[(XiXi+1 YiYi+1)/(MiMi+)J

As Ai approaches +1800, the testpoint approaches the side. For the

purpose of this test, ±179.880 was used to ensure the capture of

boundary cases in spite of round off errors. (i.e. If IAil > 179.88

then output the message, "The point is ON THE LINE.")

S S+Ai

Step 6.

E Round[abs(S/360 0 )] to the nearest integer.

2-6
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Step 7.

If E = 0, point is outside polygon.

Output message, "Point not enclosed."

Otherwise output, "Point is enclosed."

Note: The value of E yields the number of times the point is

enclosed.

Step 8. More points to check? If yes go to Step 2.

Step 9. Another polygon? If yes go to Step 1.

Step 10. EXIT

A

j

'p.



2.3 THE QUADRANGLE METHOD (TEST-.IT)

Author: F. Lesh

Principle of the Algorithm:

* Trigonometry may be thought of as the study of the mapping of' spatial

points in two dimensions onto a unit circle at the origin of the coordinate

*system. The angles are measured by their arc length on the unit circle

(see Figure 2-2 (a)), and are positive in the counter-clockwise sense.

This quadrilateral algorithm is similar to Section 2.2, RJG, which is

based on the unit circle. However, rather than angles, the points are

mapped onto a unit square defined by (1,1), (-1,1), (-,i,(1,-1) in that

order. Analogous to arc lengths as angles, call these displacements along

the unit square "quadrangles." The measure of these "quadrangles" is the

* distance along the perimeter between the ordered mapped points starting at

point (1,1). In Figure 2-2 (b) the values of the quadrangles at critical

points are given as the eight values for S. These critical points cor-

respond to multiples of' Tr/~4 on the unit circle. The origin of the coordi-

nate system is translated to the point in question and the zero quadrangle

*is defined by the point (1,1) Figure 2-3 (b). Starting with the first

point of the AOI, calculate the quadrangle between consecutive points

through the last corner on to the first corner. The algebraic sum (Figure

2-2 (c)) of these quadrangles divided by 8 gives the number of times the

point has been enclosed by the polygon. In an analogous manner, the sums

of the angles divided by 2 7 gives the number of enclosures of the test
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polygon. This algorithm has the advantage over angle summing with trigono-

metry in that it uses no transcendental functions, uses less memory to

execute, and executes more rapidly.

The Algorithm: (implemented in TESTIT in Appendix C)

Given n points on a plane, (x0 ,y0 ), (xjYl),...,(xn-l,Yn-l) , and a test

point (h,k); determine if the test point lies inside, outside, or on the

boundary of the area bounded by the lines connecting (x0 ,yo) to (xl,y 1 ) to

(x2,Y2),...,(xn_1,Yn I ) to (xo,Yo). Note that xn:x O , and Yn=YO"

Two functions must be defined.

S(u,v)= the distance around the unit square (Figure 2-2 (b) from (1,1)

7 counter clockwise.

If 'v >ju, AND v>O, THEN S(u,v) = 1-(u/v).

If 'u>'jvj AND u<O, THEN S(u,v) = 3+(v/u).

If 'v:>Ju' AND v<0, THEN S(u,v) = 5-(u/v).

If jujjvl AND u>O, THEN S(u,v) = 7+(v/u).

R(W)= a function used to calculate the difference between two points as

* seen from the test point. A small variable E, is introduced to ensure the

*B boundary conditions against round off errors.*

*Note: An arbitrary value for of 0.0001 was chosen for the "Test and

Input" in Appendix C.
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If -4+E<w<4-e R(w) - w.

If w<-e- R(w) = w+8.

If w>4+E R(w) = w-8.

Otherwise test point is on a boundary, and go to next case.

Test points on boundaries (corners and sides) are considered to be

inside the polygon.

Proceed as follows: first calculate

U0 = x-h, v0 = Yo-k.

SO = S(u0,v0 ).

Z = 0.

Then, for each i from 1 to n perform the following sequence of steps:

(1) Ui = xi-h. vi = Yi-k.

(2) If ((ui = 0) AND L(Vi = 0)) set z = 8 and go to step six.

(3) Si = S(ui,vi).

(4) Di = R(Si-So).

(5) So = Sj.

(6) Z Z+Di.

Finally Z/8 the number of times the test point has been enclosed.

)

2-10
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2.4 HANDEDNESS ALGORITHM

Author: R. Gardner

Acknowledgment: F. Lesh

Principle of Algorithm:

To determine if a point is interior to a convex polygon, progress

along the sides and ask for each side (pair of points); "is the point in

question on the left or right of the extended line segment of these two

points?" If the point is always on the same side of each segment for a

complete circuit around the convex polygon, the point is interior to the

polygon.

To determine if a point P(x,y) is to the left (or right) of a directed

segment P1 (xl,yl) and P2 (x2 ,y 2 ) evaluate the determinant;

~Xl Yi 1

X2 Y2  1 B h (handedness)

x y 1

If the determinant is 0 the points are colinear. If h is >0 the P is

a left turn. If h <0 the turn is right. See Appendix D for proofs.

This does not work for a concave polygon. However in this case one

can consider the quadrilateral as consisting of two overlapping triangles

as illustrated, (Figure 2-3). The first triangle (b) is formed by exclud-

ing the concave vertex. If the h test shows the point is definitely

2-11
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outside this triangle (h of different signs and none zero) then the point

is outside the AOI. However, in any other case the second triangle still

must be checked. The second triangle c is formed by the concave point and

the two points adjacent to it in the ordered sequence. If the point is

definitely inside this triangle (hi=O and of the same sign), the point is

definitely outside the AOl. For the boundary cases, if both tests had one

h = 0, the point is outside the area of interest. If one hi of one of the

two triangles was zero, then the unknown point is on the boundary of the

AOI.

It should be noted at this point that the handedness check is used to

determine the nature of a quadrilateral (see Figure 2-4 for the quadri-

lateral case). The given hi are hi((xi_, yi- 1 ), (xi, yi), (xi+1 , Yi+1)).

For a convex quadrilateral the hi will all have the same sign. For a

concave quadrilateral one sign will be different. For the degenerate case

of a simple triangle, one h is zero and the three remaining h are of the

same sign. For the triangle with a ray there is one zero h and one which

differs in sign with the remaining pair. The "bow tie" has two adjacent hi

*. greater than zero and two less than zero.

The Algorithm:

Write a routine;

HAND(xl ,y1 ,x2 ,y2 ,x3 ,y3
,h),

which determines h for the three points P 1 ,p 2 ,p 3 in that order.

'.

V
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Step 1. Input P1 (xl,yl), P2 (x2 ,y2 ), P3(x3 ,y3 ), and P4(x4,Y 4)
-

Step 2.

Calculate:

sign h(P4,Pi,P 2 ) h,

sign h(P 1 ,P 2 ,P 3 ) =h2

sign h(P 2 ,p 3 ,p )

sign h(P 3 ,P4,P 1 )  h4

Where;

sign h = +1 if h > 0,

sign h = 0 if h = 0,

sign h = -1 if h < 0.

This set of fhi } is used to determine the type of quadrilateral.

Step 3. Input point P(x,y).

Step 4. If all of the (hi} are of the same sign and non zero, it is a

, convex quadrilateral.

Calculate:

sign h(P 1 ,P2 ,p) H1

sign h(P 2 ,P 3 ,P) H2

, sign h(P 3 ,p,p) = H3

A. sign h(P4,P 1,P) H4

py. ,..'
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If the set [Hi} is of the same sign but non zero, output the message,

"Point is in the AOI1", and go to Step 8.

If the set (Hil is of the same sign but with one zero, output the Lk

message, "The point is on the boundary of the AOII", and go to Step 8.

If the set [Hi} contains two zeros and the other two Hi are of the

same sign output the message "Point is on a vertex of AOII", and go to

Step 8.

Otherwise output the message "Point is outside the AOI!", and go to

Step 8.

Step 5. If no hi are zero and one of the h, say hj, is of a different

sign than the other two, it is a concave quadrilateral. From the tri-

angle, formed by excluding this Pj, calculate the following:

sign h(Pj+I,Pj+2,P) H'1

sign h(Pj+2,Pj+3,p) H'2

sign h(Pj+ 3 ,Pj+l,P) H'3

If any two of these H'i are different in sign (excluding a zero)

output the message "Point is outside AOI", and go to Step 8.

If two of the H'i are zero output the message, "Point is on a vertex

of AOII", and go to Step 8.

Otherwise, for the triangle formed by the Pj (concaved point) and its

adjacent points (Pj- 1 and Pj+I ) calculate;

sign h(Pj_ 1 , pj, p) = H"I

sign h(Pj, Pj+I, P) H"2

sign h(Pj+, Pj-1, P) H"3

2-14
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If the H"i are all of the same sign and not zero, or if both [H'} and

[H") contain a zero, output the message, "Point is exterior to t

AOl1", then go to Step 8.

If two H"i are zero, output the message, "The point is on a vertex of

N. ~ the AOII", and go to Step 8.

If either set {H'i} or [H" i } contains a zero, but a zero is not

contained in both, and [H"} contains no change in sign, output the

message, "The point is on the boundary of the AOI!", then go to

Step 8.

Otherwise, output the message, "The point is inside the AOM!", and go

to Step 8.

Step 6.

If only one h (h j) is zero, (Figure 2-4(c) or (d)) form a triangle by

excluding the point Pj; i.e. Pj+1,Pj+2,Pj+ 3

where j + n is cyclic in the range 1,2,3,4. Read in the P(x,y).

Then calculate;

sign h(Pj+ 1 , Pj+ 2 , P) = H'1,

sign h(Pj+ 2 , PJ+3, P) = H'2"

sign h(Pj+ 3 , Pj+i, P) H'3

Where the H'i are non zero and of the same sign output the message

"The point is in the AOII".

Where there is one zero H'i and the other two Hi are of the same sign

output the message "Point is on the boundary of the AOI".

Where there are two zero H'i are non zero and of the same sign output

. the message "Point is on vertexl", and go to Step 8.

A 2-15



Where none of these conditions exist output the message, "Point is

outside the AOII".

Go to Step 8.

I.

Step 7.

Otherwise output the message, "Illegal input!" and go to next step 9.

.4o
Step 8. Output the message "Are there more points to Input?". If

answer is yes go to Step 4.

Step 9. Output the message, "Are there more areas of interest so

specify?". If answer is yes go to Step 1.
a

Step 10. Exit.

2-16
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REGULAR

DEGENERATE
J Ca)

C- =

5I'

..

Figure 2-1. Triangulation of Quadrilaterals
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(CIRCULAR ARCS

(b) QUADRANGLES

-. ,. U5=3 0 5=7

S 4 S=5 S56

(c) SAMPLE ENCLOSURE2

24

3
11 --

4,5

FIgure 2-2. Quadrang-le Sumat-;or
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(a) CONCAVE QUADRILATERAL

(b) FIRST TRIANGLE

(c) SECOND TRIANGLE

Figure 2-3. Triangulation of a Concave Quadrilateral
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(a) A CONVEX QUADRILATERAL
24 h:-+

Sh2= +

h= +

Sh =2

(b) A CONCAVE QUADRILATERAL
4 h=-

h= +

1

(C) A SIMPLE TRIANGLE (DEGENERATE QUADRILATERAL)

4. h 0
::H 2 = +

:'2 h4= +~

- 2

(cO ATRIANGLE WAITH A RAY (DEGENERATE QUADRILATERAL)h

h1  =+

h2= -h4+

1 12

(f) A LINE SEGMENT (DEGENERATE QUADRILATERAL)

~~h 1 =h 2 =h 3 =h 4 = 0

4 >

Figure 2-1. All Possible Quadrilaterals .,
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SECTION3

TEST AND EVALUATION

The algorithms presented in Sections 2.1, 2.2, 2.3, and 2.4 were

implemented and tested on a VAX-11/780 using Pascal and FORTRAN. The code,

p test quadrilaterals and points, test results, and specific comments on the

performance of each algorithm are given in Appendix C. The following is a

survey of those findings.

Two main categories of performance emerged in designing and conducting

the tests:

(1 ) Geometric robustness.

(2) Timing and efficiency.

The first is a descriptive as well as evaluative category. For example, in

B some applications points lying on the polygon itself may be considered

outside the enclosed region and for other applications inside it. Table 3-

- 1 presents geometric robustness for the four algorithms. Note that, al-

though in theory some of the algorithms work for any polygons with three or

C. more sides, only quadrilaterals were used in the testing. The three

classes tested were convex, concave, and degenerate. Both design and

analysis of the algorithms indicate that for polygons with more sides the

- algorithms presented in Sections 2-2 and 2-3 should work in all but (possi-

bly) the degenerate cases.

Questions of timing and efficiency arose primarily in five ways.

Three of these are fairly independent of the specific application:
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(1) How many special cases had to be checked.

(2) How many subproblems were solved.

(3) Whether trigonometric functions were used.

Table 3-2 addresses these. The other major efficiency issues are quite

application dependent. The order in which the various tests are performed

N~ ~ in an algorithm depend on the characteristics of the most likely

quadrilaterals and input points. Thus the following two considerations can

significantly affect efficiency:

(4i) Whether to test for wild inputs.

(5) When to test for degenerate quadrilaterals.

Table 3-1. Geometric Robustness

Algorithm from Section: 2.1 2.2 2.32.

Name QUA.DTEST RJG TESTIT HANDEDNESS

Convex Interiors + + +

Concave Interiors + + + +4

Boundaries (Non Degenerate) + +9 + +

Degenerate Quadrilaterals -++-

Quadrilaterals + + +

N-sided Polygons* + +9

+ handles

-does not handle

*has not been proved in this report
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These questions are also covered in Table 3-2. For any applications the

trade-off must be made, whether there are enough wild inputs to take time

testing for them, and just how often the quadrilaterals will be degenerate.

The table is meant only as a guide for applications.

Table 3-2. Efficiency Considerations

Algorithm from Section: 2.1 2.2 2.3 2.4

Name QUADTEST R_J_G TEST_IT HANDEDNESS

Subproblems + -

Trigometric Functions +

-Wild Inputs

Degenerate Polygons - - +

Language P F F P

- does not have

0 comes late

+ comes early

F FORTRAN

.P PASCAL

..
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APPENDIX C

IMPLEMENTATION AND TESTING

* by

Nick Covella and Bruce Pardo

For each of the following programs and test results, refer to Figures

C-1 through C-7. The solid lines reflect the input quadrilaterals. The

X's indicate the locations of the input test points. The handling of

points on boundaries (corners and sides) is described in Section 2.

There are four coded programs (2 in Pascal and 2 in FORTRAN) that have

been designed and tested by the individuals who took part in the design of

the respective programs. The four programs are:

1. QUADTEST (PASCAL) 2.1

2. R_J_G (FORTRAN) 2.2

3. TESTIT (FORTRAN) 2.3

4. HANDEDNESS (PASCAL) 2.4

Each of these algorithms used different mathematical methods -to

determine whether a point lies inside, outside, on a corner, or on a

*boundary of the input figure. These methods are discussed in Section 2.

The analyses of the generated results appear below.

'-.-

IA. C-1



PROGRAM QUAD: (SECTION 2. 1)

This program used the idea of triangles. If the line connecting the

test point with each vertex intersects the line of the opposite side of the

triangle at a point within the confines of the triangle, and this condition

holds true for all three cases, then the test point is in the interior of

the triangle in question.

For non-degenerate quadrilaterals, this algorithm performed well. It

does not properly handle the bow tie or degenerate cases for which three

points fall on the same line.

PROGRAM RJG: (SECTION 2.2)

This program used the idea of angle summing. The point in question is

used as the reference point, then the angles formed by this point and the

points of the figure are summed. Direction of counter-clockwise or clock-

wise makes no difference so long as the points tested are in sequence. The

value of the final summation is either 0 or a multiple of 360. If the

value is 0, then the point in question is outside the figure, otherwise it

is inside the figure.

Based on the testing here, this algorithm seems very robust.
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PROGRAM TEST_IT: (SECTION 2.3)

This algorithm used the idea of a unit square. Function Scale calcu-

lates the distance around the input figure starting at (0,0) and travelling

* counter clockwise. Rcalc calculates the angular difference between two

points as seen from the test point. The result gives the number of times

the test point was circled. For a closed quadrilateral that had no inter-

nal intersections, if the test point was inside the figure then the en-

closed value was 1; otherwise, it is zero.

Overall, this algorithm seems very robust. It tested each input point

correctly arid quickly and could be used in a real-time environment.

PROGRAM HANDEDNESS: (SECTION 2.4)

This algorithm's basic principle only does not apply to "bow-tie"

quadrilaterals. One should progress along the perimeter in the direction

specified by the ordered points. With each pair of the perimeter points,

follow along the direction specified by their ordering, connect two con-

secutive points, form a segment, then check to determine if the test point

is on the right or left of the segment. If the answer is sometimes "left"

and with other point pairs "right", the point is exterior to the convex

quadrilateral. If the answer is always the same (lef t or right), the point

C- 3
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.4 is interior to the convex polygons. In the case of the concave quadrila-

teral, the convexity limitation is avoided by dividing the quadrilateral

into two triangles and applying this principle to each of the triangles.

k Though this algorithm appears very robust, the logic is very compli-

cated when handling the concave case. Thus it becomes impractical to im-

plement in the field, particularly when compared to the other algorithms.

The difficulty of' expanding this algorithm increases geometrically with the

number of sides.

In the following seven diagrams (Figures C-1 through C-7), the lines

represent the outline of the input figure, the crosses (X's) represent the

input test points, and the encircled crosses are special test points; the

vertices of the input figure.
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IMPLEMENTED ALGORITHMS AND TEST RESULTS
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PROGRA~M GJADTEST (INPUTOUTPUT);

i*TH-I-A PROGRAM1 TESTS TO SEE IF A POINT FALLS WITHIN THE CURVE OF
A 4 SIDED POLYGON GIVEN THE 4 POINTS IN ORDER AND THE COORDINATES
OF THE POINT IN QUESTION. IT IS DESIGNED TO HANDLE CASES OF BOTH
CONVEX AND CONCAVE FIGURES.

WRITTEN BY: ELLEN DRELL
DATVD: 12/26/84

- ACKNOWLEDGMENTS: PROF. ROBERT HENDERSON, C. S. UN.
MS. ELAINE SCHMIDT, J. P.L.

*TYPE

POINT = ARRAY El.. 2) OF REAL;
TRIANCLE ARR~AY El.. 3) OF INTEGER;

VAR

A ARRAY El..4) OF POINT;
P POINT;

4 Tl.T2 TRIANGLE;
C ENTER ~ INTEGER;

-:LFLAG .-J, K .INTEGER;

INFLECTION :INTEGER;
SRESPONSE, REPLY CHAR;

*-------------------------------------------------------------------------------------------------*

FUNCTION TRIANGLETEST (Vl,V2,V3 :INTEGER; P :POINT) :BOOLEAN;

(THIS ROUTINE TESTS IF THE LINE CONNECTING THE POINT P WITH EACH
- VERTEX INTERSECTS THE LINE OF OPPOSITE SIDE OF THE TRIANGLE AT A

POINT WITHIN THE CONFINES OF THE TRIANGLE. IF THIS CONDITION
HOQDS rRUE FOR ALL 3 CASES THEN THE POINT IS IN THE INTERIOR OF
THFE TRIANGK.E DEFINED.

~.VAR
VAL!,VAL2oLXRXpM REAL;-

'~I,COUJNT INTEGER;
VZ1.02,TEMP POINT;

SBEGIN

C OUNr o;
V . I II

%Si AEV2J;
S2 .- AEV3);

FOR I =1 TO 3 DO BEGINL *FCFP THE THREE SIDES TEST IF THE INTERSECTION OF THE 2 LINES
OC7URS Ar A POINT BETWIEN THE CEFT AND RIGHT ENDPOINTS OF THE
SI,;E. USE THE INTVPMErjIATK VALUE THEORM TO DETERMINE IF THE
SOLUTION EXISTS IN THE INTSERVAK. C-1O



THEN M "= ((S-]$2,2)/(SI]Il-S2I2I)) (*SLOPE*)
E-.-E M = (*SLOP, IS INFINITY SINCE VERTICAL*)

'*THE C:ASE_ WHE;E THE VERTEX POINT AND THE POINT IN QUESTION

HAVE THE SAME X VALU" ONLY THE Y COORDINATE NEEDS TO BE
TESTED. A LINEAR FORMULA SIMILIAR TO THAT IN THE LINEARITY
P"RO.CEDURE IS USED AN' A COMPARISON IS DONE USING THE TWO
DIF7ERENT Y V,.LUES WHILE HOLDING THE X CONSTANT.

IF YEJ=PJ (*TEST FOP SLOPE OF INFINITY*)
TH-N BEGIN

"r.. ~VALI =0ir. 2]-- f -1' -- M V ! -! I )" VAL: =(r21]-SC2 - 1
--. _(E2-S~ - (M(V~i]-SIC1])),

17 (AOS (YLV)i L " ABSCVAL2)) THEN COUNT :=COUNT +I;
END (*T" !EN*.

.ELSE BEGIN
LX=S!li RX:=S2C1;
VAL =(Y,-2.-SE2]-(M*(LX.S2CI]))+ " (U(VE2]-PC2])/(V[1]-PC1]J)-*(ix:-VY :';

,.. . ~VAL!: =(Vr-2]-S!2CE].-(M.*(RX -S!CI]) )+ ( V-- C ] /( E ] F I : -- R( V I ,

Ir" (VAL 1 . VAL2) 0 TltEN COUNT =COUNT + 1;
END (*ELS-- K .

TEMP =;
V SL; (*SWITCH TO THE NEXT EDGE OF TRIANGLE*)

"" ' "" 2: =TEMP;

U END *~FOR-*~

I IF (CUNT = 3 THfEN TR-,NGLETlEST TRUE (*POINT WITHIN*)
ELSE TRIANGLETEjT = FALSE;

-ND

---------------------------------------------------------

FUNC] ION CONCAVIT1Y - INTECER;

4 - *THIS ROUTINE TEST TO SEE IF THE FIGURE IS CONCAVE OR CONVEX IT

-TESTS B'v USE OF PERMUTATION, IF ANY OF THE VERTEX POINTS LIES
WITHIN THE TRIANGLE DEFINED BY THE OTHER 3 POINTS. IF CONCAVIT'Y

IL, 1,S DETERMINED TIHEN THE FUNCTION RETURNS THE INTERNAL POINT AS THE
POciNT OF INFLECTION. IF THE FIGURE 1S DETERMINED TO BE CCN',E,

R ,RX IS - T .RNED ;'y DEFAULT

7IF C TRANGLE-. 77: 12,3, A F 4 1TRUE OR (TRIANGLTEST(3, 4, 1,AC2J=R3 E.
" "'" THEN CONCA ITY. -

" ILEE CONCAY..'TY =1.

END,

-----------------------------------------------------------------------------------------------------
R nc.-;:'E ENT: r ;A-. ,' :

-
,.', R CED;: 4 HE -SZ' T i= "17 :NE TO ENTER T,E -ALES :NTO T E R R-,.
kOF ; tNTS')C-11



VAR
1, i-LA INTEGER;

WF , "I i i N;
WRITEI.N 'ENTER EACH OF THE 1 POINTS IN ORDER ');
WRITEI.N ('ORDER i5 DETERMINED BY THE CONSECUTIVE POINTS BEING JOINED BY A SiDE
WRITEIN 'ENTER EiA:CH OF THE 4 POINTS AS AN ORDEREDj PAIR);
WR I ir-i N;
FtOR I= 1 TO 4 DO BEGIN

WRflTE ('ENTER TH= X COOROINATE OF VERTEX 'I:2 , ' ';
RE,'DLN (A(I,.i])

WP TF ('ENrEX THc Y (O0RoINATE OF VERTEX ',I: 2, ' '
RC;,T)I.N Ar I., 2 }

Wi: 1 'fELN;

WR I I, N;

END;
* -.----------------------------------------------------------------------------------------------

FUNCT 'ON NEWPI iNTEGER;
(*rHIx ROUTLNE ENTERS THE POINT TO BE CONSIDERED AND DOES *)
* V'ERT.CATEON cHECAING ON :X!SiING COORDINATES*)

BL:G I N

NFWP I: "0;
WRiTE U'ENTEN THE X COORoINArE OF THE POINT P I),

WI7 rE ('ENTEK THE Y COOROINATE OF THE POINT P ');
-RC.',DLN (P[22);

Wr f rELN;
Wr (TELN;
Fil I 1 i 1' DO

EF (,(A[I,1;=:FE[) AND (ArI,2]=P[2])) (*CHECK FOR A VERTEX POINT*)
THEN NEWP i 1,

", . END;

------------------------------------------------------------------------------------------------

(4 BEGIN MAIN ROUTINE *
----------------------------------------------------------------------

REPET BECIN

L,#F. .TELN ('E'E3 THE POINT UNDER CONSIDERATION AS AN ORDERED PAIR '),

w, L rELN,
,rE.AT 3,,' N

LFLAG kNEWP"
IF LFLA*; 2:; THE,' iE',;!N

END (*END I-*),

. Cr, 3E LVLA(O OF

0: 'OIN (*NON VERT-.X CASE*)

TNFLECT113iN "ONCAVITY;
T.[IE: UNFLET7'ON, (*OEINE TRIANGLES BASED ON lNF5-E,0-T::'N

T. [2] -INFLECTIONI, (*POINTS
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T2 C 1: = 1NFLEC T 1ON;
T~2,-2:=NFLFCTlON+2;
IF rNFLECT101i'iz 2

THEN T2C31: =INFLECTION-1
ELSE T2[31:=INFLECTION + 2;

I" (TINLTE T=II21,TC3P TRIANGLETEST(T21,T [n-.72

7f 4FN
-:IF T.1IANGLiEzTE9-T(TICIIT1[23,T1C32,P) THEN

WnrITELN( ITHE POINT IS AN INTERIOR POINT OF THE cQUARAiA:~~
ELSE

WRITELN( THE POINT IS AN EXT RIOR POINT O-F THE L'&AL.A 7E=.,.

WRITELN( 'T:*IE POINT IS AN lNTERIOR POINT OF THE G1ALER ATER~A

END (40; CONDITION 07 CASE*);
I WR<ITELN ( THF POINT WAS A VERTEX OF THE GUADPALATER.AL');

END (CS.y

WR ITEL Ni
w.PIT-l I 'ANOTHER POINT TO TEST WITHIN THIS GUADRALATERAL-T YIlN
READL.N f EPLY),
W R I TElN.

* ~END (R.i aET:
UNIL REPL-Y

WRITELNi
WRITE ( 'AiiOTHER GUAMRALAM,"AL TO TEST'-, Y/N '
IEADLN (-'E-ZPQDNSE);
WR ITELN;

END (*RESPONSE REPEAT*";,
SUNYIL RESPONGS.: C>, iY '

END.
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- .. ----- i>- '- --- ~ -z~ - -- -~- -- w---- L-~-w-t- -v- --- ~- ---- ~w- wv-w.r----rr

QUADRILATERAL X-COORDINATE Y-COORDINATE

c------- 0.0000---- 0.0000----

2- .0000 0.0000
2.0000 0.0000
6.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000-- 4--0000- OUT--- - - - --- - - -- - - -

4.0000 4.0000 OUT
2.0000 3.0000 OUT
6.0000 3.0000 OUT
8.0000 3.0000 OUT
5.0000 0.0000 ON THE LINE

%%2.0000 7.0000 OUT
L%8.0000 7.0000 OUT

6.0000 2.0000 OUT
A-3.0000 4.0000 OUT-2.0000 7.0000 OUT

0.0000 0.0000 C ORNER
2.0000 0.0000 CORNER
4.0000 0.0000 CORNER
6.0000 0.0000 CORNER

10.0000 0.0000 OUT
6.0000 8.0000 OUT
3.0000 3.0000 OUT
4.0000 6.0000 OUT
7.0000 0.0000 OUT
6.0000 4.0000 OUT

13.0000 0.0000 OUT
6.0000 7.0000 OUT

12.0000 0.0000 OUT
0.0000 5.0000 OUT
7.0000 5.0000 OUT
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- - - - - - - - -- - - - - - --.- - - - - - -

QUADRILATERAL X-COORDINATE Y-COORDINATE
-- -- -------- -------

c-2 0.0000 0.0000
10.0000 0.0000
6.0000 8.0000
3.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

- - - - -- 
- - - -- 

- - - - - - - -
- - - - - - -INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000-- 4.0000-- IN-------- ----- N ---

4.0000 4.0000 IN IN

2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 IN ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUTh-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE

*6.0000 0.0000 IN ON THE LINE
10.0000 0.0000 CORNER CORNER.
6.0000 8.0000 CORNER CORNER
3.0000 3.0000 CORNER CORNER
4.0000 6.0000 OUT OUT
7.0000 0.0000 IN ON THE LINE
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN

1200 .00 U U10.0000 5.0000 OUT OUT
7.0000 5.0000 IN I N
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QUADRILATERAL X-COORDINATE Y-COORDINATE

c-7.0000 0.0000
4.00 .00
17.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUA.L RESULT

4.0000 4.0000 IN
4.0000 1.0000 IN
2.0000 3.0000 ON THE LINE
6.0000 3.0000 OUT
8.0000 3.0000 OUT
5.0000 0.0000 ON THE LINE
2.0000 7.0000 OUT
8.0000 7.0000 OUT
6.0000 2.0000 ON THE LINE

-3 .0000 4.0000 OUT
-2.0000 7.0000 OUT4
0.0000 0.0000 CORNER

*2.0000 0.0000 ON THE LINE
4.0000 0.0000 ON THE LINE
6.0000 0.0000 ON THE LINE

10.0000 0.0000 CORNER
6.0000 8.0000 OUT :7;
3.0000 3.0000 IN

*4.0000 6.0000 CORNER
7.0000 0.0000 CORNER
6.0000 4.0000 OUT
13.0000 0.0000 OUT
6.0000 7.0000 OUT

12.0000 0.0000 OUT
0.0000 5.0000 OUT
7.0000 5.0000 OUT

C-1 6
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QUADRILATERAL X-CO0RDINATE Y-COORDINATE

--------- - ---------

*C-4 0.0000 0.0000
6.0000 4.0000

13.0000 0.0000
6.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

----------------------------------------------------------------------
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

----------------------------------------------------------------------

4.0000 4.0000 OUT
4.0000 1.0000 I
2.0000 3.0000 OUN
6.0000 3.0000 IN

48.0000 3.0000 OUT
5.0000 0.0000 ON THE LINE
2.0000 7.0000 OUT
8. 0000 7.0000 OUT
6.0000 2.0000 IN

-3.0000 4.0000 OUT
-2.0000 7.0000 OUT
0.0000 0.0000 CORNER
2.0000 0.0000 ON THE LINE
4.0000 0.0000 ON THE LINE
6.0000 0.0000 CORNER

10.0000 0.0000 ON THE LINE
6.0000 8.0000 OUT
3.0000 3.0000 OUT
4.0000 6.0000 OUT
7.0000 0.0000ONTELE
6.0000 4.0000 CORNER

13.0000 0.0000 CORNER
6.0000 7.0000 OUT
12.0000 0.0000 ON THE LINE
0.0000 5.0000 OUT
7.0000 5.0000 OUT

C-IT



QUADRILATERAL X-COORDINATE Y-COORDINATE

C-5 0.0000 0.0000
6.0000 7.0000 ,

12.0000 0.0000
6.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 IN IN
4.0000 1.0000 OUT OUT
2.0000 3.0000 OUT OUT
6.0000 3.0000 CORNER CORNER
8.0000 3.0000 IN IN
5.0000 0.0000 OUT OUT
2.0000 7.0000 OUT oUT
8.0000 7.0000 OUT OUT

6.0000 2.0000 OUT OUT 
-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT

0.0000 0.0000 CORNER CORNER
2.0000 0.0000 OUT OUT
4.0000 0.0000 OUT OUT

6.0000 0.0000 OUT OUT
10.0000 0.0000 OUT OUT

6.0000 8.0000 OUT OUT
* 3.0000 3.0000 IN IN

4.0000 6.0000 OUT OUT
7.0000 0.0000 OUT OUT
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT

6.0000 7.0000 CORNER CORNER
12.0000 0.0000 CORNER CORNER

0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN

,,41
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-- - - - - - - - - -- - - -- - - - - - -

QUADRILATERAL X-COORDINATE Y-COORDINATE

C-------- 0.0000---- 0---0--00 -

C60.0000 5.0000
7.0000 0.0000
7.0000 5.0000

CHECKING THE INPUT (X, Y) POINTS

----------------------------------- --------- ------------------ ---------------
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

--.0000 4--0000- OUT--- - - - --- - - -- - - -
4.0000 4.0000 OUT
2.0000 3.0000 IN
6.00 .000I
6.0000 3.0000 INT
8.0000 3.0000 OUT
5.0000 0.0000 OUT
2.0000 7.0000 OUT
6.0000 2.0000 IN

-3.0000 4.0000 OUT
-2.0000 7.0000 OUT
0.0000 0.0000 CORNER
2.0000 0.0000 OUT
4.0000 0.0000 OUT
6.0000 0.0000 OUT

10.0000 0.0000 OUT
6.0000 8.0000 OUT
3.0000 3.0000 OUT
4.0000 6.0000 OUT
7.0000 0.0000 CORNER

S/6.0000 4.0000 IN
13.0000 0.0000 OUT

-6.0000 7.0000 OUT
12.0000 0.0000 OUT
0.0000 5.0000 CORNER
7.0000 5.0000 CORNER
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QUADRILATE.Al, X-COORDINATE Y-COORDINATE

C-7 0.0000 0.0000
10.0000 0.0000
6.0000 8.0000
2.0000 4.0000

CHECKING THE INPUT (X, Y) POINTS-

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 IN IN
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 IN ON THE LINE

42.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE
6.0000 0.0000 IN ON THE LINE

10.0000 0.0000 CORNER CORNER
6.0000 8.0000 CORNER CORNER
3.0000 3.0000 IN IN
4.0000 6.0000 IN ON THE LINE
7.0000 0.0000 IN ON THE LINE
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN

12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN
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- Prograin R _JG

C This program reads in 'x~y) values a three quadrilateral
C hav~ing 4 corners. A test point (x~ y) is checked to determine ~
C the inputted point falls in the quadrilaterals

C Alaorith.n designed by. Robert J. Gardner, ~J P L.
C Implemented by: Nick Covella, J.P L.
C Dated: March, 1985

Real*8 XArray(l,4),YArray(1,4)
Real*8 New.LXArray(lA),NewYArray(l,4)
Real*8 InXcoord, ln' coord
Character*1 Resp1.Resp21,Flag

Integer Guadcrnt7

C***~**********~*~***M A I N ** P R 0 G R A M *~*****~*

OpenOUnit = 1, File- 'Rjg. Dat ', Status = 'New')
Opent:jnit =2,File-'P-ts.Dat', Status = 'Old')
Call SIkip(l)
Call Skipk2)
Call Promptl(Respll

K Quadcntr = 0
Do While U(Respl EG. -'Y) OR. (Respi EQ. 'y')

Guadcntr = uadcntr + I
Open(Unit 3 ,Fila='Test.Dat',Status ='Old')
Call Initialize(XArray,YArrayNewXArray,NewYArray)
Call LoadArrays(XArray.YArrayGuadcntr)
Call Uni.oaAras(XArrayYArray.Quadcntr)
C.311 Prompt2(Resp2,InXcoord,InYcoord)

*Da While ((Pesp2 .' EQ. 'Y ') . OR. (Resp2 . EG. 'y'))
Call Test.Pt(InXcoordInYcoordXArrayYArray.Flag)

212 Call Trans~orm(Ii-Xcoord.InYcoordXArray.YArray,

NewXArray. New'YArray)

Call Test _It'NewXArray.NewYAr1-ayInXcoori,InYcoor-d)
GO TO 29

29 Call Prompt2(Resp2,InXcoordInYcoord)
If ((Resp2 .EQ. 'N') OR. (Resp2 EQ 'in')) Then

Close(Unit=3)
End 1 f

En~d Do
* Call Promptl(Respi)

End Do
Writo (5,55)

C lo se(CUnit I
6 Close(Unit=2)

55 ;:ormat-T7, 'Normal Completion oF Program by N Covella')
Stop
En d

Subroutine Test t-:'>X:;crdlnYcoord.<Array, fArraq,C7Lag'

* C This slibro~.tine Checks i the point is on-e of the corners

C-21



'T L7'-

4'4

a:Real wS 'Airray 1. 4),YArray(1, 4)
.j Real*3 inXcoord,InV'coord

Character*1 Flag

FIS§ - 'F'
Do tO I = 1, 4

If (!nccord EG. XArray~lI)) Then
IP (InYcoord . EG. YArrayCE I)) Then

Flag 'T
End If

End IF

10 Continuco

Return

NSubrou~ine Init.ializ2.(XArrayYArrayNewXArray.NewLYArray)

.4 C This subroutine initializes the two arrays (i.e. quadrilateral
C: and Analyst) to zero su that any unknown values may be detected

Reat*8 XArray(l,4)YArray(1,4) J,
Rea1*B NewXArray(1,'IflNewYArray(1,4)
Int-,ger Index

Do tO Index = 1,4
Xarray(1. Index) =0

Yarray(1. Index) 0
NewXarray(I.Index) = 0

*NewYarray~t, Index) = 0
10 Continuo

R etlurn
End

Subroutine LoadArrays(XAcray.YArrayAKount)

C his suibroutine load; the 3 quadrilaterals with (x~y) coordinates
- C for ea,.h corner of the corresponding quadrilaterals.

(. C
Rea(*9 YArray(1,4)Y1fArray(1,4)
Intr'ger Rount

Wri..e;5, 01)
Wr i e 1'01)
Do t10 In dex 1, 14

Wr:te(5, 97) indexkount
Ne:,d (2,99) XArriy 1,lndex)
Write(5,8 E indeA, 4ournt
Head (2,9'7) YArr.,,y(1, Index

10 continu' C-22
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97 Forma(t-1, I nput X _coordinate *', I1,T23.

Re tur n
End

Subroutine UnLoad~rrays3(XArrayYArrayQuadNo)

C This subroutine displays the inputted values of- the
r C (x~y) coordinates For each quadrilateral and the

C (.y) coordinate that is to be checked whether or not it
S C is in any of the three quadrilaterals.

Rea1.:3 XArrayl1'14),YArray(1,4)
* Integer GuadNa,Index

Wri+te(5,96)

* WriteC13 97)

Do 10 Index = 1,4
Write(5,9e' QluadNo.XArray(1. Index),YArray(1l Index)

- Write(l.,9e' QuadtoXArray(l, Index),YArrayl, Index)
10 Continue

9 Fov-mat.-T3, Guadrilateral',TlS, 'X-Coord&.T20.
'Y-Caord .)

97Fo i-m a T 3, /'T18 I' ---- 'T30,

93 Format(T9,11,T15 79. 4, T27,F9. 4)

Return
End

Subroutine Transrm(ri"c:,ordInYcoordXArray,YArray,
NewXArray, NewYAr ray)

C
C This subroutine normalizes the inputted quadrilaterals to
C coordinates f.) or easy calculations based on the origi.
C

Real*G Xarra'(14. ,Arr'ayC1,4)
Rca 1*8 NewAAr ray ( ,4), NeuiYArray (1, 4)
Rcal*3 ln~coordIMn :oord
Integer Index

Do 10 Inijcx = ,
NewXArra4 ~l, ndec) :GArray ( . inde-x) - InXcoorj
New'(A ay (1, t'ef) Array (l1.ndex) - InYcoorc

C. Continuc C-23



Re t 1;rnr

* c*************************** ******************.**

Sub rotasine Test -It (NeitX. rr ay, NewYArr ayXY)

Inteq:,r EFVa1ue,In1eA,~J
Rcal*8 Ne'XArra(l,'ltNewYArray(1,4)
R;-a 1*83 X, Y, A( 4), M( 4), Suin, R, Tmp I, Tmp2
Charar:tzr*1 Loop, Exit

R = 0. %-j0t1
Do 10 Ind!7x 1

MC ( ndex) = DSGRr CNewaXArray(1 Index) -1 ) +
(NewYArray~i. Index) * )

14' (M(Indefl .LE. R) Then
c Pr-eventi on oiP division by zero.

Wri te(5, S'89)

GOTO 13

% IO C conttnoue

aIndex = 1

Do Whi12 ( Ind:?x I. 1')
[f En de x . EO4. 4) Chcn

E- n

inpl1 = ((NewXArr-iy(1. Index) *NewYArrayC1,J))
(NewXArr-iy(1,J) * NewYArray(1 Index)))

Tmp2 = ((New'XArr.-iy(1,Index) *NewXArray(1,J)) +
a (Netu'Arratj(t. Index) *NewYArray(1 U)))

A ( ind ex) DACOSU)( rmp 2 / (NM Ind e) % M (J)
I4f (. ' index) G T. j79* 68) Then

Wri4.tc,( 5, 310)
a 30 Forrnat(T2, 'The point is ON THE LINE. ') .

Writz( 1)31)

31 ~ or mat IF27. 'Th2 point is ON THE LINE.')
GO) TO 13

IF C'mpl . LT. 0 0) Then -

A7ndtex) -A(In'lex)
End i-

Sumg Sum + A':Index)

End Do'
EV i Iue = INTAESum /360 0))
If- O-VYj1,e . EG. 0) Then

Write(5, 27 )
Wt.i te ( 1, 27)

Wriltek1. 2R

E n, IC-24
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S

;orm.t'.T2, 'Point not enclosed.')
- 20 Form-t(T2 'Point is enclosed.')

9. Format(T2, 'Point of interest is on the VERTEX')

13 Continue
Re turn

* End

Subroutine Skip(Lines)
C

P2 This subroutine skips the indicating number of lines by
the place where skip has been called from (i.e. many places)

r

Integer i, Lines

Do 10 1 = 1, Lines
" . Wr ite(t , 11

10 Continue

S I I Format' ')
Return

End

i Subroutine Prompt (Response)

C This subroutine Prompts the user if he/she wants to input
C data to determine if the point of interest falls within
C any one of three quadrilaterals.
C

Character*l Response

Call Skipl)
Write(5, 55)

" Write(5,50,)
Write(5, 57)
Call Skip(t)

. Read (5, 99) Response
- 11 Format( ')

55 Farmat(72, Would you like to input some coordinates to

2 5e Format(T2, 'determ,.ne i9 a point falls in an inputted ')
57 Format( -2, 'uadr lateral'' YIN ')
9"9 Format(AU)

R e tu r n
S~ End

Subroutine Prompt2 RsponseInXcoordInYcoord)

C
C This sroutfLne rromct; -:he user i4 he/she want; to incut

C data to *e-armine i4 te point of in:erest falls within
C any one o- trree quad'ilaterals C-25
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Real*8 InXcoord, InYcoord

Character*1 Response

Call SKip(l)

write(5, 55)
Read(5, 89) Response

Call Sip(1)
If ((Response . EQ. 'Y-) OR. (Response . EQ. 'y')) Then

write(l, 01)
Write(l, 01)

Write(5, 97)
Read(3, 99) InXcoord
Write(l, 95) InXcoord

Write(l, 01)~Write( 5, 98)

Read(3, 99) InYcoord
Write(l, 96) InYcoord
write(i, 01)

Write(l, 01)
Endif

01 Format(' )

55 Format(T2, Input a point to test?? Y/N )

89 Format(AI)

95 Format(T2, 'Inputted X-Coordinate => , F9.6)
96 Format(T2, 'Inputted Y-Coordinace F9.6)
j7 Format(T2, 'Input X-coord: )

98 Format(T2, 'Input Y-coord: ~
99 Format(F9.4)

Return
End

C-26
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k QUADRILATERAL X-COORDINATE Y-COORDINATE

-- - - -- - - -- - - - -- -- -- - - - -.%--C-1. 0.0000 0.0000
2.0000 0.0000
4.0000 0.0000
6.0000 0.0000

-: CHECKING THE INPUT (X, Y) POINTS

---------- - -----------------------
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
--------- --------- ------------------ ---------------

4.0000 4.0000 OUT OUT
4.0000 1.0000 OUT OUT
2.0000 3.0000 OUT OUT
6.0000 3.0000 OUT OUT

* 5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 OUT OUT

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 CORNER CORNER
4.0000 0.0000 CORNER C ORNER
6.0000 0.0000 CORNER CORNER

10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUT
4.0000 6.0000 OUT OUT
7.0000 0.0000 OUT OUT
6.0000 4.0000 OUT OUT

13.0000 0.0000 OUT OUT
6.0000 7.0000 OUT OUT

12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 OUT OUT

C-27
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QUADRILATERAL X-COORDINATF Y-COORDINATE "

C-2 0.0000 0.0000
10.0000 0.0000
6.0000 8.0000

3.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 IN IN
4.0000 4.0000 IN IN

2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LINE
6.0000 0.0000 ON THE LINE ON THE LINE

10.0000 0.0000 CORNER CORNER
6.0000 8.0000 CORN ER CORNER
3.0000 3.0000 M ORNER CORNER
4.0000 6.0000 )(:T OUT
7.0000 0.0000 ON :HE L:SE JN THE LINE
6.0000 4.0000 :1N IN

13.0000 0.0000 XT OUT
6.0000 7.0000 IN IN

12.0000 0.0000 .)UT OUT
0.0000 5.0000 XUT OUT
7.0000 5.0000 IN IN

C-28
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QUADRILATERAL X-COORDIENATE Y-COORDINATE

c-3 0.0000 0.0000
4.0000 6.0000
7.0000 0.0000

10.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

---- - - - - - - -- - - - - - -

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
--- -- ----- -- ----- -- -- --- -- - ---------

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 ON THE LINE ON THE LINE
6.0000 3.0000 OUT OUT
8.0000 3.0000 OUT OUT
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT£38.0000 7.0000 OUT OUT
6.0000 2.0000 ON THE LINE ON THE LINE

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE

m4.0000 0.0000 ON THE LINE ON THE LINE
6.0000 0.0000 ON THE LINE ON THE LINE

10.0000 0.0000 CORNER CORNER
6.0000 8.0000 OUT OUT
3.0000 3.0000 IN IN

6.0000 0.0000 CORNE COUTE
63.0000 0.0000 OUT OUT
63.0000 0.0000 OUT OUT

a 62.0000 0.0000 OUT OUT
02.0000 5.0000 OUT OUT
7.0000 5.0000 OUT OUT
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QUADRILATERAL X-COORDINATE Y-COORDINATE

c-4 0.0000 0.0000
6.0000 4.0000

*13.0000 0.0000
6.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

-----------------------------------------------------------------------
*INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

------ -- --- -------- - - - - - - -- - - - - - - -

4.0000 4.0000 OUT OUT
4.0000 1.0000 IN IN
2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 OUT OUT
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.01000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LINE
6.0000 0.0000 CORNER CORNER

10.0000 0.0000 ON THE LINE ON THE LINE
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUT
4.0000 6.0000 OUT OUT
7.0000 0.0000 ON THE LINE ON THE LINE
6.0000 4.0000 CORNER CORNER

13.0000 0.0000 CORNER CORNER
6.0000 7.0000 OUT OUT

12.0000 0.0000 ON THE LINE ON THE LINE
0.0000 5.0000 OUT OUT
7.0000 5.0000 OUT OUT
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QUADRILATERAL X-COORDINATE Y-COORDINATE

C-5 0.0000 0.0000
6.0000 7.0000

12.0000 0.0000
6.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

------ -- --- --------- -- - - - - - - - - - - - -

INPUT X INPUT Y GENERATED R.EsUIT ACTUAL RESULT

4.0000 4.0000 IN I4.0000 1.0000 OUT OUT
2.0000 3.0000 OUT OUT

44*6.0000 3.0000 CORNER CORNER
8.0000 3.0000 IN IN
5.0000 0.0000 OUT OUT
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 OUT OUT

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 OUT OUT
4.0000 0.0000 OUT OUT
6.0000 0.0000 OUT OUT

10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OUT
3.0000 3.0000 IN IN
4.0000 6.0000 OUT OUT
7.0000 0.0000 OUT OUT
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 CORNER CORNER
12.0000 0.0000 CORNER CORNER
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN
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QUADRILATERAL X-COORDINATE Y-COORDINATE

c-6 0.0000 0.0000
0.0000 5.0000
7.0000 0.0000
7.0000 5.0000

CHECKING THE INPUT (X, Y) POINTS

- - - - - - - --- - - ------

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT"
----- --- - - -- - - - - - - - --- - - - - - -

4.0000 4.0000 OUT OUT
4.0000 1.0000 OUT OUT
2.0000 3.0000 IN IN
6.0000 3.0000 IN IN
8.0000 3.0000 OUT OUT
5.0000 0.0000 OUT OUT
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT

... 6.0000 2.0000 IN IN
-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT

50.0000 0.0000 CORNER CORNER
2.0000 0.0000 OUT OUT
4.0000 0.0000 OUT OUT

*6.0000 0.0000 OUT OUT
10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUT
4.0000 6.0000 OUT OUT
7.0000 0.0000 CORNER CORNER

- 6.0000 4.0000 IN IN
13.0000 0.0000 OUT OUT
6.0000 7.0000 OUT OUT

12.0000 0.0000 OUT OUT
0.0000 5.0000 CORNER CORNER
7.0000 5.0000 CORNER CORNER
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QUADRILATERAL X-COORDINATE Y-COORDINATE

C-7 0.0000 0.0000
10.0000 0.0000
6.0000 8.0000'U 2.0000 4.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULI ACTUAL RESULT
----------------------------------------------------------------------

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 IN IN
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
6.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.00OO OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LI.E
b.0000 0.0000 ON THE LINE ON THE LINE;
10.0000 0.0000 CORNER CORNER
6.0000 8.0000 CORNER CORNER
3.0000 3.0000 IN IN
4.0000 6.0000 ON THE LINE ON THE LINE7.0000 0.0000 ON THE LINE ON THE LINE
b.0000 4.0000 IN [N
13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN

12.00U0 0.0000 OUT OUT
..0000 5.0000 OUT OUl
7.0uuu 5.0000 IN IN
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C ihis programi accepts3 the -verticies of a 4-sided quadrilateal
C and determnes whether or not a given point lies inside or
C~ outside th- Fivire.

C
C ..gorithm designed by. I'red Lesh, J. P. L.
C Impa~ennted by: Nic k Cove 11a, J. P. L.

C Dated: Jarnuary, 1965

Integer Quadcntri-.nde- ,tlagNo~fSides
Rea 1*C Sigma, Temnp, X, Y, U(8Y Y(S ) No O-Enc I s ures
Real*3' B(S), InXS., );, InVY6, 8), Tmp6e), Delta(G), Epsilon
Cnai-acter-*1 Ansui, Resp *
Data Gu-adicntr, Epsilon, NcOPSides /0, 0. 0001, 4/

Open(Un-it=1. File="reds. Dat' ,Status='New')

Open(Ur-it=2.Rile= PtsDat' .Status='Old) 3
Oen ( Unit=4. File= 'r rd Dat '.Sta tus='Old '

.30 Open ( tIn it=3, File='Test. Dat' *Status= 'Old'
Quadcntr = Gua-dcntr + 1
index = I

Do While ( index . LE Not-fS id e s

WT. Wite (5, 99 , i-ndox,QCuzdcntr

Read(22,97, InX(Guadcntr,Index)
Wipite(1,97) rn(Quadcntr,Index) -

Writel 01)
WT.it c( 5, 9 e Index, Guadcntr
Wr ite (1, '8) rndex,Quadcntr
Read(2,97) lnY(GQuadc:ntr,Index)

Index = Index + I
End do
NoOfc~nclosures 0

W..rite" 1,96)
Read (3, q7i X
Write-(1.97) X
Write(1. 01)

Read (3, 97) Y
Write(I.,97) Y
Index =I
i(Quadcntr) = In.X(Guadcntr,Index) -X

Y'.Quadcntr) = ImY\(Quaodcntr, Index) - Y1
Signa =0

Tmp(Quadcntr) Scalc(U(Guadcntr),Y.(Quadc-tr))
Flag = I :.
Index =2
Write.5, 31) X,Y

* 31 FarmatT72, 7TestLng point C ',F5, 2, ' ',F5 2, 2 I****4~
Do While ((Index LE. 5) AND (Flag EQ. 1))

1- kindex EQ. 5) Then
In d e I
Flag =0

Endi;
u(Iridex) =InX(Quadcmtr,Irmdex) -X

V (I Mje x 1 n'Y(GQuad.:ntr, Index) - YE.
t ( uJ Index EQ. 0Q AND. (1)" Index) Q ) re
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S Ig ma S
GO TOI I

End i F
* S( Index) Scalc(U(Index),V-(Index))

Temnp = S(Index) - rmp(Guadcntr-)
If (,Abs(Temp'? Lr. (4 - Epsilon)) Then

Delta( Index) = 'remp
Else If (Tem~p .Lr. (-4 - Epsilon ) Then

4 EseDelta(Index) = Temp + 8
EleIf (Temp . Gr. ( 4 + Epsilon)) Then

Delta(Index) =Temp - 8
Else

Sigma~ =

End i;

% Tmp(Guadcntr) = S(Index)
V1 Siigma Siqma + Delt.3(Index)

Indiex = Index + I
End do

11 NoO;Enclosures = N1iNT(ABS(Sigma/13))
Wite3,Y4') NoOfEnclosutres

Write( L 01)
Write(l,Q4 t NoOfEnclosures
IP (NoujFEnclosures .1T. I) Then

Write*'5,43) Quadcntt-

Writ-i1e(43) Quadcnit.
Else

Wribe(5, 44) Gu ad cr, tr

Write( 1.,01)

En d i f

Wr~te43,93)
Write(1. 01)

Read(4,921) Answ
Write(17ol-) Answ
If ( (An sw .E0. 'y) OR. (Answ EQ, 'Y') Then

Else
Close CUnit=3)
Wrie (5, 91)
Wribe~l.01)
Wri'ceC.91)
Re ai . -1, '0 - Resp
Wri~eC1,90) R.esp
IP R es p ,EQ. 'y') OR. (Resp EQG 'Y')) Then

GO TO 30
Endi F

Endif
Print *, 'Normal. completion of program

0i Format'7",
"4 44 rormat(T2, 'Point is IN quadrilateral #',11.)

4_ Format(7rT2.. 'Point is OUT o; quadrilater-al #'11
90 Fra'l

91 orrat(T. Mocre quad-i.!aterals-,')
Format('A.>
Format(72. M1ore '-es t P ints 'C-35
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r-~~~~~~~ - - - -w C "I'- 1r . 4- - - - -- --

94 Forman7 ,, Value of Enclosures ==> ',F15. 13)
95 Format(T2, Input Y value for the point in question. ')
9?1 Format(T , "Input X value for the point in question. ')
97 Format (FI5. 4'
91 Formar(T2, 'Input y-':oord #', r1,T19, 'of quad #', II)
79 Format(T., 'Input x-coord #', 1, T19, 'of quad #', Il)

Stop
End

Real*8 Function Scalc(U,V)

C This function returns the distance around the unit square (i.e 71

C tne size being a 1 x I square) in a counter clockwise manner
C

Real*e U, V

If ((ABG( ) GE. (AGS(U))) AND. (V GT. 0)) Then
Scalc = 1 - (U/V

Else I ((ABS(U) GE. (ABS(V))) .AND. (U .LT. 0)) Then
Scalc = 3 + (V/U)

Else If ((ASS(V) GE. (ABS(U))) AND (V LT. 0)) Then
Scalc = 5 - (U/V)

Else If (UAQ'S(U) GE. (ABS(V))) AND (U .GT. 0)) Then

Scac = 7 + (V/U)
End if

Return
End

C-36
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QUADRILATERAL X-COORDINATE Y-COORD INATE

C-1 0.0000 0.0000
2.0000 0.0000r4.0000 0.0000
6.0000 0.0000

CHECKING THE INPUT (X,Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 OUT OUT
4.0000 1.0000 OUT OUT
2.0000 3.0000 OUT OUT
6.0000 3.0000 OUT OUT
8.0000 3.0000 OUT OUT
5.0000 0.0000 IN ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 OUT OUT

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER
2.0000 0.0000 IN CORNER
4.0000 0.0000 IN CORNER
6.0000 0.0000 IN CORNER

10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUT
4.0000 6.0000 OUT OUT
7.0000 0.0000 OUT OUT
6.0000 4.0000 OUT OUT

13.0000 0.0000 OUT OUT

06.0000 7.0000 OUT OUT
12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 OUT OUT

LLk~



QUADRILATERAL X-COORDINATE Y-COOR.DINATE
-- -- --- -- - - - --- -- -- -- --------

C-2 0.0000 0.0000
10.0000 0.0000
6.0000 8.0000 -

3.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

--------- ------------ - -- - - - - - - - - - - - -

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
----------------------------------------------------------------------

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 IN ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE
6.0000 0.0000 IN ON THE LINE

10.0000 0.0000 IN CORNER
6.0000 8.0000 IN CORNER
3.0000 3.0000 IN CORNERRP
4.0000 6.0000 OUT OUT
7.0000 0.0000 IN ON THE LINE
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN

12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN
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QUADRILATERAL X-COORDINATE Y-COORDINATE

c-3 0.0000 0.0000
4.0000 6.0000
7.0000 0.0000

10.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

fINPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000-- 4.0000-- IN-------- IN-------

)4.0000 4.0000 IN IN

2.0000 3.000 IN ON THE LINE
6.0000 3.0000 OUT OUT

to8.0000 3.0000 OUT OUT
5.0000 0.0000 IN ON THE LINE

S2.0000 7.0000 OUT OUT
S8.0000 7.0000 OUT OUT

6.0000 2.0000 IN ON THE LINE
-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER
2.0000 0.0000 IN ON THE LINESc 4.0000 0.0000 IN ON THE LINE

S6.0000 0.0000 IN ON THE LINE
10.0000 0.0000 IN CORNER56.0000 8.0000 OUT OUT
3.0000 3.0000 IN IIN
4.0000 6.0000 IN CORNER

.7.0000 0.0000 IN CORNER
-,*.6.0000 4.0000 OUT OUT

13.0000 0.0000 OUT OUT
6.0000 7.0000 OUT OUT

-. 12.0000 0.0000 OUT OUT
-0.0000 5.0000 OUT OUT

7.0000 5.0000 OUT OUT

C-3
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- -- - - - - - -- - - - - - - --- - - - - -

QUADRILATERAL X-COORDINATE Y-COORDINATE

C-4 0.0000 0.0000
6.0000 4.0000

13.0000 0.0000
6.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 OUT OUT
4.0000 1.0000 IN IN
2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 OUT OUT
5.0000 0.0000 IN ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE
6.0000 0.0000 IN CORNER

10.0000 0.0000 IN ON THE LINE
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUT
4.0000 6.0000 OUT OUT
7.0000 0000IN ON THE LINE
6.0000 4.0000 IN COMNER
13.0000 0.0000 IN CORNER
6.0000 7.0000 OUT OUT

12.0000 0.0000 IN ON THE LINE
0.0000 5.0000 OUT OUT
7.0000 5.0000 OUT OUT

C -40
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QUADRILATERAL X-COORDINATE Y-COORDINATE
-------------------------------------

C-5 0.0000 0.0000
6.0000 7.0000

12.0000 0.0000
6.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
----

4.0000 4.0000 IN IN
4.0000 1.0000 OUT OUT
2.0000 3.0000 OUT OUT
6.0000 3.0000 IN CORNER8.0000 3.0000 IN IN
5.0000 0.0000 OUT OUT
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 OUT OUT

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER2.0000 0.0000 OUT OUT
4.0000 0.0000 OUT OUT
6.0000 0.0000 OUT OUT10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OUT3.0000 3.0000 IN
4.0000 6.0000 OUT OUT7 7.0000 0.0000 OUT OUT
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN CORNER

12.0000 0.0000 IN CORNER
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN

C-1
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---- --- ---- -- ---- --- --- --- ---- ---

QUADRILATERAL X-COORDINATE, Y-COORDINATE

-- -- - -- - --- -0000 -- 0-- --000 --

c60.0000 0.0000
7.0000 0.0000
7.0000 5.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000------ 4.0000--OUT-OUT

4.0000 4.0000 OUT OUT
2.0000 3.0000 INT OUT
2.0000 3.0000 IN IN

6.00003.000 OUTI
5.0000 0.0000 OUT OUT
2.0000 7.0000 OUT OUT
2.0000 7.0000 OUT OUT

6.0000 2.0000 IN IN
-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER
2.0000 0.0000 OUT OUT'
4.0000 0.0000 OUT OUT
6.0000 0.0000 OUT OUT

10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUT
4.0000 6.0000 OUT OUT
7.0000 0.0000 IN CORNER
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 OUT OUT

12.0000 0.0000 OUT OUT
0.0000 5.0000 IN CORNER
7.0000 5.0000 IN CORNER
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--------- -- - ----------------- -

QUADRILATE.RAL X-COORDINATE Y-COORDINATE

--------- 0.0000--0.0000

C-70.0000 0.0000
106.0000 0.0000
6.0000 8.0000

CHECKING THE INPUT (X, Y) POINTS

'aINPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
- - - - - - - - - - - - - - - - - -- - - - - - -

SN4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 IN IN
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 IN ON THE LINE

*2.0000 7.0000 OUT OUT
*8.0000 7.0000 OUT OUT

6.0000 2.0000 IN IN
-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 IN CORNER
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE
6.0000 0.0000 IN ON THE LINE

10.0000 0.0000 IN CORNER
6.0000 8.0000 IN CORNERIi3.0000 3.0000 IN IN
4.0000 6.0000 IN ON THE LINE

-:7.0000 0.0000 IN ON THE LINE
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN

J.12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN
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PROGR AN HANLC 'ZNESS ( lNPUT, CUTPUT, PTS, TESTPTS. MESS, RESPONSES);
LASEL 9, 70;

SETTINGS = RECORD
ZERO INTEGER.
POS INTEGER;
NEG INTEGER;
NA INTEGER;

END;
POINT = R CORD

X, Y REAL;
END;

FLAG = (NEG., POS, ZERO, NOTAPP);
PNTARRAY = ARRA',EA. 42 OF POINT;
,HFAIRAY = ARRA'r. .. 42 OF FLAG;

F,,i3 = (CONVEX, CONCAVE, TRrANG, TRIRAY, BOWTIE, INVALID, LINE);

VAR
I, ,J, K INTEGER.
CALC3C COND I T ION INTEGER;
WRONGSI(N, GC, PC INTE'ER;
I NT JE X INTEGER;
POTNTt, POINT2 INTEGER;
DETER M I NANTYALUE REAL;
MOR- WOR!A. BOOLEAN;
RESP.,ANSW CHAR;

VSETCHARS SETTINGS;

SETCHARSOLD SETTINGS;
APOINT POINT;

P PNTARRAY;
HFLAG HFARRAY;

FI(.URE, TESTFIG FIG;
PT, TESTPTS.MESS TEXT;
RESPONSES TEXT;

PROCED'URE DUMP (HF HFARRAY; PNT PNTARRAY; SETCHARS SETTINGS, PT PoINT

VAR
I : INTEGER;

BEGITN
WRITELN( 'IN DUMP');

WR ITELN( --------------------------------------------------

WRITELN(' POINT # X-COORD Y-COORD HFLAG");
WRITELN( - - ----------------------------------- ),
FOR I := I TO 4 DO

BEGINSWRITE(' 1: 2, ,PEI]. X. 6 3, ' 'PcIl Y 6-3 -

WRITELN' ',HFLAGEIP),

END;
'.WR I TELN - --------------------------------------------------------------
WRITELN 'INPUT X-COORD ==, ',PT X. 3,' INPUT Y-COORD ==, ',PT Y ,
WR ITELN l-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
WRITELN( 'ZERO SETTING ==. ',SETCHARS ZERO.2),

WRITELN( 'NE,;ATIY'E SETTING =: ',SETCHARS. NEG 2),
' WRITELN.'POSITIVE SETTING == ',SETCHARS POS 2),

WRITELN( 'NOT APP SETTING == ',SETCHAFS NA 2),
END,

PROCED, URE INITIAL:ZE(VAR PNT PNTARRAY),
VAR

I INTEgER;
BEGIN 
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FuR I 1 T0 4 DO
BEGIN

i PNT[I]. X = .0;
V ~PNT[I3.Y 0.0;

EN; END;
l:. END;

, PROCEDURE INIr(VAR HF HFARRAY; VAR SETCHARS SETTINGS);
VAR

I • INTEGER;
BEGIN

FOR I := 1 TO 4 DO
HF [I I = NOTAPP;

SETCHARS. LERO =0
"ETCHARS. POS =0

SETCHARS. NEC = 0;
:~ :.SETCHARS. NA o
* END;

FUNCTION SPECIFYFIG(HF HFARRAY; SETCHARS SETTINGS; VAR J INTEGER) F&:,;
VAR

I " INTEGER;
. .;. BEGIN

.t E IF ((SETCHARS.NEG = 4) OR (SETCHARS.POS = 4)) THEN
BEGIN

SPECIFYFIG .= CONVEX
END

ELSE
IF ((SETCHARS. ZERO = 0) AND

((SETCHARS.POS 2) OR (SETCHARS. NEG . 2))) THEN
BEGIN

IF (SETCHARS. NEG = 3) THEN
BEGIN

FOR I = 1 TO 4 DO
IF HF[I] = POS THEN

J I;
END

ELSE
IF (SETCHARS. PO3 = 3) THEN

BEGIN
FOR I := I TO 4 DO

IF HF[IJ = NEG THEN
J := I;

END
ELSE

WRITELN( 'DUMMY';
SPEC IFYFIG = CONCAVE,

END
ELSE

IF (SETCHARS ZERO = 1) THEN
BEGIN

S"FOR I = I TO 4 DO
K-. "IF HF[IJ = ZERO THEN

S = I,
IF ((SETCHARS NEC = 2) OR (SETCHARS. POS 2) THE,,

SPECIFYFIC = TRIRAY
ELSE

IF ((SETCHARS NEQ = 3) OR (SE7-CHARSPCS 3 )) TrEN
*~ ,*SPEC IFYFIG TRIANG,

END
E L S C-45
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IF , 'SETCHARS. NE13 = 2) OR (SETCHARSPOS =2)) THEN
SPECIFYFI1G .= 3OWTIE

ELSE
IF (SETCHARS. ZERO = 4) THEN

SPECrF'YFIG LINE
ELSE

SPECFvF!G :INVALID;
END;

FUNC7ION DETER~'UNANT(Pl,P2,PJ POINT) RE.AL,
VAR

TMP1, TMP2; TMPZ ,TMP4 :REAL;
3 E GIN

TMP I .P P1. X (P T- Y - P 3. Y);
*TMP2 P2. X *(P I.Y - P3. Y);

TNP3 P3. X *(P I.Y - P2. Y);
TMP4 TMP1 TMP2 +TMP3;
DETERMINANT TMP4;

ENDi

PROCEDnURE LOADPOINT(VAR TEST :POINT);
BEGIN

W~RITELN( 'ENTERING LOADPCOINT';
R'EADLN ( TEST7P T'S TEST. X )
WRITELN(MESS, 'ENTER X-CCORD TO BE TESTED ',TEST X:6 3);
R"EADLN( TESTPTS, TEST. V )o
WRITELN(MESS, "ENTER 'Y-COO)RD TO BE TESTED ',TESTY 6:3),

ENWRITELN( 'LEAVING LOADPOINT' )i

PROCED-URE LOADFIGL'RE(VAR PNTS :PNTARRAY )
VAR

BIN. INTEGER;

BEGIN

READLN( PI'S, PNTSCII. X
WR ITELN MESS, ; ENTER X-COORD OF POIlNT 1:, .2,', PNTSCI1J X6 3',
READLN( PTS, PNISCIJ. Y );
WRITELN, MESS, 'ENTER Y-COORD OF POINT #',1I 2, '=' PNTSEI2 'y6 3.',

END,
END;

PROCEDURE LCADHFLAGARRAY( I INTEGER; DVAL: REAL; VAR HF .HFARRAY )
BEGIN

17 DYAL 0.0 THEN
HF CIJ I NE,,

IF DYAL C': . 0 THENJ
HF[I3 := ZERO

ELSE
IF DV/AL >0. 0 THEN

ENDSHFr NOTAPP;

PIROCE7ZURE CALC-'jLA7ESETTZNGS!. J INTEGER, HF HFARRA'; VAR SC SET~INCSil

("ASE HFCJI IF
POS SC P0S C POs + 1,-4

IC-4



NEG Si- NEG = SC. NEG + ;
ZERO SC. ZERO SC. ZERO + 1;
NOTAPP SC. NA SC. NA + 1;

END;
END,

- 'UNCi rON POINTINCONVEX(SC ' SETTINGS) : INTEGER;

VAR
Fl, F2, F3 : BOOLEAN;

BEGIN
Ft FALSE;
F:-,"= FAL%3E.;F: " =FALSE,

IF ((SC. Pus = 4) DR (SC. NEG = 4)) THEN
Fl .= rrUE;

IF ((SC. PiuS = 3J OR (SC NEG = 3)) THEN

F2 : = RUE;
IF ((SC POS = 2) OR (SC. NEG = 2)) THEN

F3 := rRUE.

CASE SC.ZERO OF
0 IF F.' THEN

POINTINCONVEX 1
ELSE

POINTINCONVEX 4,
1 IF F2 THEN

POINTINCONVEX = 2
ELSE

POINTINCONVEX 4i

2 IF F3 THEN
PIINTINCONVEX 3

ELSE
PtJINTINCONVEX = 4;

OTHERWISE POINTINCONVEX "= 4;

END;

FUNCTLON POININOTHER(VAR I : INTEGER; SC : SETTINGS) BOOLEAN;
VAR

TMP : BOOLEA'J,
. D BE IN

3E,., TMP FAI.SE,

IF ((SC. PIS " 0) AN) (Si. NEG "> 0) THEN
I = 4

rI.SE

IF SC. lEr(O = 2 THEN
I " 3

ELSETMP - ,rRIuE;

ri!INTINOTHE. = TMP;
END;

PROC-'iURE COMPARE'A. B SEI'TINCS; VAR J INTEGER);
BEg I N

11 ((,A. ZRO 0) AND ( (A. POS = 3) OR (A. NEG = 3)))
OR ((A. ZERO - t) AND (13 ZERO = 1))) THEN
INDEX = 4

CI.SE

IF A, l RO 2 THEN

INDEX 2
FLOPE C-47
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I1c C(.ERO - S. ZERO = t) ANDj

((A. POS = 2) OR (A. NE = 2))) THEN
INDEX 2

ELSE
INDEX 1 - ;

ENO i

FUNCTION ,POrNTINTRIANGS.SC : CETTINGS) : INTEGER;
BE IN

It ( (SC. ZERO = 1) AND ((SC. POS = 2) OR (SC. NEC = 2))) THEN
.3OINTINT' IANGS 2

IF (SC. ZERO = 2) THiEN

POINTINTRIANCIS 3
ELSE

IF ((5SC. POS 3) OR (SC. NEC = 3)) AND (SC. ZERO 0') THEN
"OINTINTRI,-*NGS = 1ELSiE

POINTINTRI'c'NGS 4;
END;

PROCFDURE OUTPtJTMESSAGE. INDUX INTEGER; P POINT);

'ASE INDEX OF
L : BEGIN

WRITELN( 'THE POINT C',P. X6:3,', 'P. Y 6:3,-'] IS IN THE FI.;uRE. '2,
WRITE(MESS, 'THE POINT C',P. X: :3, ", ',P.Y' 6:3);
WRrTELN(MESS, '] IS IN THE FIGURE. ');

END;

2 B.FCIN
WRITE('THE POINT C",P. X:6: 3,' 'P. Y:6: 3, ') IS ON')
WRITELN(' THE BOUNDARY OF THE FIGURE. ');
WRITE(MESS, 'THE POINT C',P X6-3, '. '. P. Y 6, ] IS ON'YI
WRITELN(MESS, " THIE BOUNDARY OF THE FIGURE. ');

END;
3 BECIN

' WRITE('THE POINT C',P. X: 6 3, ' ',P. Y: 6:3, ' IS ON');
WRITELN(' THE VERTEX OF THE FIGURE. ');
WRITE(ME-S, 'T,'- POINT ', P X 6: 3, , P. Y:6: 3, ' IS ON')-
WRITELN(ME:':S, ' TIE VERTEX OF THE FIGURE. ');

ENDi

WRITE('THE POINl [",P. X:6:3, ', ',P. Y:6:3, ') IS OUT ;
WRITELN('O, THIS FIGURE. ')i
WRITE(MES , .'T P-,)INT [ ', P X:. 3,', ',P.Y6 3, ') I S OUT ).

WRITELN(MESS, "OF THIIS FIGURE. ')
END;

OTHERWT'E wRITELN(MEG3, 'ERROR')
-,/ EN ;

END;

POC-DUE CALCDETERMINANT'Vi'.R H" . HFARRAY, VAR SC SETTINGS, I INTEER,
P' I, P2, P3 : POINT; VAR DVAL REAL ),

L,'.,AL = DTM'-RINArJTP , 2 P3);
LArlHFLAGP',:A v (1, CVAL, H-),

END,

SP= C-48

--



s -WR ITEUIF3S);
Re-SET (PTS

RSET (RESPNS -S);
REPEEA T7

RESET k:TE ;TPTI;);
PC 0

~ ~- LOADFIGUE(P):
REPCAT

PC PC + t

WH I 'ELN ( MEZ'-3)

WIKITELN(1ES.3 'tHFCAING QUADRI LATERAL C *~ QC2
W~~ENlCEXN QUADRILATERAL # Q- C:2 )
WHI iELN( 'CHi-:CKIWN POINT # PC:2 )
WI IELNl -----------------------------------------------------
I NI T(HFLAG, SEfC HAP 'S)
IJ0.ADPOINT- AP'IINT );
(* 0UMP(HFL.A'; P, -5i:TCHARS, APOINT);

FO3R I :=1 fO 4 013

j := + t,
IF J 5 THEN

K t J + t~
IF $.- K FH -N
K I~

CALCIDETF RINKAN4T(HFLAG, SETCHARS. I.PEI]. PEJJ, P[KJ,

ib DETERMINANTVALUE),

(DIJMF(HFI.Ar, H, SE EFCHARS, APO INT);*
WPONSIGN 55;
T :-F7 ::SPE'CLFYFtG(HFLAG,SETCHARS,WRONGS.GN),

WN0':'-I'N =WRt)NCSIGN + 1;
POiINTt := WF.ONG'iuGiNi
If- i-Rl-NGSIGN :*-=3 THEN

POINT2 WRONG-iI(-,N - 2

CASE TESTFIG OF +2;D
i'ONV EiG IN

WklrELN( 'CONVEX CASE' )

FOR :=1 TO D

IFJ THEN
j 1,

CALCDETERIMINANT(HFLAO,SETCHARS.1,PEIJP[JJ.

DID; APOINT, DETEpRrNANT.vALUE ,,

W IJUtTMESSAGE (POINT INCflN\.EX (SETCHAPS,, iPOIN'T),
ENT);

CICAVE 3EQ[IJ
wIrEi-N 'CONCAVE CASE'),
It- WRO3NGSIGN 5 THEN

LWrj1NGST.GN 1.
DU)MPiHFLAG, P, SETCHARS. APOINT).
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INIT (HFLAG, SETCHAPS);
FOR I :=I TO 3 DO .

BEGIN
WRONGSIGN :=WRONGSIGN + 1.;
IF WRONGSIGN =5 THEN

WRONGSIGN 1,
K :=(WRONGSIGN MOD 4) + 1; A
IF 1 3 THEN

K (K MOD 4) + 1;
*(*DUMP(Hr-LAi, P. Sr-TCHARS, APOZNT'.*

CALCDETERMINANTcHFLAG, SETCHARS. I.
P[WRONGSIGN2,PcKJ.APO;7NL;
DETERtIINANTVALUE);

END; -
D)UMP '8-FLAG, P, SET CHARS, AFOINT);
MORL7WORK := POINTINODTHE.R( IND)E'X. SETCHAR.S);
WRI-E('BEFORE MORZWORK. MOREWORK ==>'.OEWLPR',.

WflITEL.N( ' INDEX - 'INDEX:2

IF NOT MOPEWORK THEN
OUTPUTMESSAGE. INDEX, APOINT)

ELSE
BEGIN

WRONGSIGN := POINTi;
IF WRONGSIGN 5 THEN

WRONGSIGN =1;

SETCHARSOLD =SETCHARS;

DUMP(HFLAG. P, SETCHARS. APOINT);
INIT(HFLAG. SET.HARS);
K := WRONGSIGN;
FOR I := TO 3 DO

BEGIN
IF I =1 THEN

WRONGSIGN := WRONGSIT'- 1
IF WRONGSIGN =0 THEN

WRONGSIGN 4,
K :=(WRONGSIGN MOD 4) + 1
IF 1=3 THEN

K (K MOD 4) +~ 1;
(*DUMP (HFLAG, P. SETC HARS, APO IN!h 7.
CALCDETERMINANT(HFLAG, SETCHARS. I,

PCWRONGSIGNI, PCIKI APO3;NT,
DETERMINANTVALUE);

WRONGSIGN := WRONGSIGN + 1,
IF WRONGSIGN =5 THEN

WRONGSIGN .=1;

END;

DUMP(HFLAG. P.SETCHARS, APOINT),
MOREWORK = POINTINOTHER( INDEX. SETC'HAFS-,

2 COMPARE(GETICHARS. SETCHARSOLD, INDEXV
* OUTPUTMESSAGE(INDEX. APOINT),

END;

* TR;RAY,
TI ANG SEGIrN

WRITELN(UTRIr CASE),
I "lI T(HFLAG, SET"CHAR S'
FOR I = I TO 3 DO

BEGIN
*WRONGSIGN :=WR0NGS7N l 1.

IF WRONGSIGN =5 THEN
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WRONGSIGN :=1.
K :=(WPONGSIGN MOD 4) + 1;
IF 1 3 THEN

K (K MOD 4) + 1;
(*DUMP (HFLAG , SETCHARS. APOIN7); *)
CALCDETERMINANT CHFLAG, SETCHARS. I,

P[WRONGSIGN3, PCJl., APOI-NT,
DETERMINANTV)ALUE);

END;
DUiMP(HFLAG, P.SETCr-HARS. APOINT),

* OUTPUTMESSAGE(POINTINTRIANGS(SETCHARS). ,APOINT';
END;

INVALID,
BCW.TIE,

*LINE BEGIN
WRI FELN 'INVALID CASE');
GOTO 69;

END;
ENDSt
READLN(PESPQNE3.ANSW);
W1HITELN! 'ANOTHER POINT7?? '1/N', ANSW);
GOTO 70;

61:ANSW = 'N'.
WRITELN( 'THIS FIGURE 'TESTFIG.' IS AN ILLEGAL FIGUFE-')
WHITELN('PLEASE INPUT ANOTHER FIGURE OR TERMINATE '

70. UNTIl. U(ANSW = 'N') OR (ANSW = '')
CLSETSTPTS);

READS .NWRESPONSES. RESP);
WRITELN('ANOTHER GUAOT?7 '/N', REEP);

*UNTIL ((FRESP = AN*) OR (RESP ='')
* WRITELN('THAT"S ALL FOLASY ');BCLOSE',PT7S)

CLOSE(RESPONSES);

CLDSE(MESS);
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-- - - - - - - - - - - - - -- - - - - - -

QUADRILATERAL X-COORDINATE Y-COORDINATE

C-1 0.0000 0.0000
2.0000 0.0000

* .4.0000 0.0000

6.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS
LINE IS ILLEGAL FIGURE, NO POINT TESTED

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 OUT
4.0000 1.0000 OUT
2.0000 3.0000 OUT
6.0000 3.0000 OUT
8.0000 3.0000 OUT
5.0000 0.0000 ON THE LINE
2.0000 7.0000 OUT
8.0000 7.0000 OUT

-6.0000 2.0000 OUT
-3.0000 4.0000 OUT
-2.0000 7.0000 OUT
0.0000 0.0000 CORNIER
2.0000 0.0000 CORNER
4.0000 0.0000 CORNVER
6.0000 0.0000 CORNER
10.0000 0.0000 OUT
6.0000 8.0000 OUT
3.0000 3.0000 OUT
4.0000 6.0000 OUT
7.0000 0.0000 OUT
6.0000 4.0000 OUT
13.0000 0.0000 OUT
6.0000 7.0000 OUT
12.0000 0.0000 OUT
0.0000 5.0000 OUT
7.0000 5.0000 OUT
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QUADRILATERAL X-COORDINATE Y-COORDINATE

C-20.0000 0.0000
10.0000 0.0000
6.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

-------------------------- --------- ------------------ ---------------
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

-------------------------- --------- ------------------ ---------------

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 ON THlE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LINEV6.0000 0.0000 ON THE LINE ON THE LINE

10.0000 0.0000 CORNER CORNER
6.0000 8.0000 CORNER CORNER
3.0000 3.0000 CORNER CORINER
4.0000 6.0000 OUT OUT
7.0000 0.0000 ON THE LINE ON THE LINEK6.0000 4.0000 IN IN'

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN
L2.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN
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QUADR ILATERAL X-COORD INATE Y-COORD INATE

c-3 0.0000 0.0000
4.0000 6.0000
7.0000 0.0000

10.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 ON THE LINE ON THE LINE I
6.0000 3.0000 OUT OUT
8.0000 3.0000 OUT OUT
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 ON THE LINE ON THE LINE

g-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LINE
6.0000 0.0000 ON THE LINE ON THE LINE
10.0000 0.0000 OUT* CORNER
6.0000 8.0000 OUT OUT
3.0000 1.0000 IN IN
4.0000 6.0000 CORNER CORNER F
7.0000 0.0000 CORNER CORNER
6.0000 4.0000 OUT OUT
13.0000 0.0000 OUT OUT
6.0000 7.0000 OUT OUT
12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 OUT OUT

*THIS CORNER IS DEGENERATED TO ZERO ANGLE. THIS ANSWER DEPENDS ON DEFINITION.

SN.

.6 %
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* QUADRILATERAL X-COORDINATE Y-COORDINATE

C-4 0.0000 0.0000
6.0000 4.0000

13.0000 0.0000
6.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 OUT OUT
4.0000 1.0000 IN IN
2.0000 3.0000 OUT OUT
6.0000 3.0000 IN IN
8.0000 3.0000 OUT OUT
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT3K6.0000 2.0000 IN IN

-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LINE

.. :6.0000 0.0000 CN THE LINE* CORNER
10.0000 0.0000 ON THE LINE ON THE LINE
6.0000 8.0000 OUT OUT
3.0000 3.0000 OUT OUTI4.0000 6.0000 OUT OUT
7.0000 0.0000 ON THE LINE ON THE LINE
6.0000 4.0000 CORNER CORNER
13.0000 0.0000 CORNER CORNER
6.0000 7.0000 OUT OUT
12.0000 0.0000 ON THE LINE ON THE LINE
0.0000 5.0000 OUT OUT
7 .0000 5.0000 OUT OUT

*THIS CORNER IS DEGENERATE AND MAY BE CONSIDERED A LINE. THIS ANSWER
DEPENDS ON DEFINITION.
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QUADRILATERAL X-COORDINATE Y-COORDINATE

(-5 0.0000 0.0000
6.0000 7.0000

12.0000 0.0000
6.0000 3. 0 UO

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 IN IN
4.0O0 1.0000 OUT OUT
Z.0o00 3.0000 OUT OUT
b.0000 3.0000 CORNER CORNER
6.0000 3.0000 IN IN
5.0000 0.0000 OUT OUT
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
b.0000 2.0000 OUT OUT

-3.0000 4.0000 OUT OUT
-2.000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 OUT OUr
4.0000 0.0000 OUT OUT
b.0000 0.0000 OUT OUT
10.0000 0.0000 OUT OUT
6.0000 8.0000 OUT OU'
3.0000 3.0000 IN IN
4.0000 6.0000 OUT OUT
7.0000 0.0000 OUT OUT
6.0000 4.0000 IN IN
13.0000 0.0000 OUT OUT
6.0000 7.0000 CORNER CORNEK
12.0000 0.0000 CORNER CORNER
0.0000 5.0000 OUT OUT
7.OO0 5.0000 IN IN
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QUADRILATERAL X-COORDINATE Y-COORDINATE

C-6 0.0000 0.0000
0.•0000 5.•0000

7.0000 0.0000

7.0000 5.0000

CHECKING THE INPUT (X, Y) POINTS

6OWTIE IS AN ILLEGAL FIGURE. NO POINTS TESTED

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

4.0000 4.0000 OUT

4.0000 L.0000 OUT

2.0000 3.0000 IN
t.0000 3.0000
8.0000 3.0000 OUT
5.0000 0.0000 OUT

2.00)00 7.0000 OUT
8.0000 7.0000 OUT

6.0000 2.0000 IN

-3.0000 4.0000 OUT

-2.0000 7.0000 OUT

0.0000 0.0000 CORNER

2.0000 0.0000 OUT

4.0000 0.0000 OUT

b.0000 0.0000 OUT

10.0000 0.0000 OUT

b.0000 8.0000 OUT

3.0000 3.0000 OUT

4.0000 6.0000 OUT I
7.0000 0.0000 CORNER

( .0000 4.0000 IN

13.0000 0.0000 OUT

6.0000 7.0000 OUT

12.0000 0.0000 OUTi
u.ouOo 5.0000 COKNER
7.0000 5.0000 CORNER
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QUADRILATERAL X-COORDINATE Y-COORD INATE

c-7 0.0000 0.0000
1.0.0000 0.0000
6.0000 8.0000
2.0000 4.0000

CHECKING THE INPUT (X, Y) POINTS

-------------------------------------------------------------------
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
- - - - -- - - - - - - - - - - - - - - - - - - - -

4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 IN IN
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 OUT OUT
8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN
-3.0000 4.0000 OUT OUT
-2.0000 7.0000 OUT OUT
0.0000 0.0000 CORNER CORlNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.0000 0.0000 ON THE LINE ON THE LINE
6.0000 0.0000 ON THE LINE ON THE LINE

10.0000 0.0000 CORNER CORNER
6.0000 8.0000 CORNER CORNERL
3.0000 3.0000 IN IN
4.0000 6.0000 ON THE LINE ON THE LINE
7.0000 0.0000 ON THE LINE ON THE LINE
6.0000 4.0000 IN IN

13.0000 0.0000 OUT OUT
6.0000 7.0000 IN IN
12.0000 0.0000 OUT OUT
0.0000 5.0000 OUT OUT
7.0000 5.0000 IN IN
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APPENDIX D

SOME MATHEMATICAL PROOFS!
Proii: The point P lies within the triangle ABC if, and only if, the

extension of the line segments AP, BP, and CP intersect BC, CA, and AB,

respectively.

Proof: First note that for any two points X and Y, XY\X, and XY\Y are

connected sets (Moore, Theorem 98). Suppose P lies within ABC, then so do

AP, BP, and CP (by Theorem 33, Moore applied to AP\A, etc). Since AP

divides the angle CAB, its extension intersects BC, and similarly for BP

and CP.

Suppose one of the line extensions does not intersect the appropriate

side. Without loss of generality, suppose the line passing through

K A and P does not intersect BC. Since it does not pass through C, PAC are

not colinear, and similarly PAB are not colinear. Thus it intersects ABC

at the endpoint A only. Thus the connected set AP\A does not intersect

. ABC, and hence falls entirely outside ABC (again by Moore, Theorem 33).

Therefore P is not enclosed by ABC.
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Rotation of coordinates:

See Figure D-1 (a)

Xv = (x + y tan e)cose

z x cosE + y sine

".'-y/cos - (x + y tan e)sine

-x sine + y (l/cosS - sin2/cosG)

-x sine + y coss

X'- (-x cose + y sin 6)

SY' = (-x sine + y cos )
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ANOTHER PROOF

Given; three ordered points PI(xI,yI), P2(x2,y2) and P3(x3,y3).

Xl Yl 1

det x2 y2 1 " h.

x3 Y3 1

Prove-

h = 0 if P3 is on the extended line P1 P2-

h >0 if P3 is on the left side of the directed line segment.

h <0 if P4 is on the right of the directed line segment.

Proof:

Translate origin to P1 (see Figure D-1 (b))

3Xi = (xi -x I ) where (XI,Yl) = (0,0).

Yi (yi -yi)

Rotate the axis so that the Y2 lies on the axis. (see Figure D-1 (c))

sine -zy2/sqrt(X 2
2+Y2

2)

cose = X2/sqrt(X2 2+Y22).

Y3 = -X3 sine + Y3 cosO

Turn in transition along PIP 2,P3, is left if Y'3 is >0, along a line,
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there is no turn if 0, and turn is right if Y'3<0. If this function

is called sign then:

Y13 = -X3 sine + Y3 cos

= -Z312/sqrt(X2
2+Y2

2) + Y3X2/sqrt(X 2
2 y2

2)

= [-X3Y2 + X2Y3 ]/sqrt(X2
2+Y2

2)

_ [-(x3-xl)(y2-yl) + (x 2 -x 1 )(y 3-Y)]/sqrt(X 2
2 +Y2

2 )

= X3 y1+xIY2 +X2 y3 +x 1Yl -X 3 y 2 -X 1 Yl -X 2yl -Xl Y3
] / sqrt ( X2

2 +Y2
2 ).

x1 Y1 1
sign (det x2 Y2 1 ) sign h q.e.d.

x3 Y3

since the square root is always positive.

-."D-S..-f.
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~ yI

Cos9

x I

0 x
(a) ROTATION OF COORDINATES IN GENERAL

y Y P3

01 x

(b) TRANSLATION OF COORDINATES

P 3

0 p x

(c) RELATION BETWEEN X, Y AND X', Y' COORDINATES

Figure D-1. Proof of Handedne33 Theorem
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